In chronic musculoskeletal pain conditions, the balance between supraspinal facilitation and inhibition of pain shifts towards an overall decrease in inhibition. Application of a tonic painful stimulus results in activation of diffuse noxious inhibitory controls (DNIC). The aims of the present experimental human study were (1) to compare DNIC, evoked separately, by hypertonic saline (6%)-induced muscle pain (tibialis anterior) or cold pressor pain; (2) to investigate DNIC evoked by concomitant experimental muscle pain and cold pressor pain, and (3) to analyze for gender differences. Ten males and 10 age matched females participated in two sessions. In the first session unilateral muscle pain or unilateral cold pressor pain were induced separately; in the second session unilateral muscle pain and unilateral cold pressor pain were induced concomitantly. Pressure pain thresholds (PPT) were measured around the knee joint before, during, and after DNIC induction. Cold pressor pain increased PPT in both males and females with greater increases in males. Hypertonic saline-evoked muscle pain significantly increased PPT in males but not in females. When cold pressor and muscle pain were applied concomitantly the PPT increases were smaller when compared to the individual sessions. This study showed for the first time that two concurrent conditioning tonic pain stimuli (muscle pain and cold pressor pain) cause less DNIC compared with either of the conditioning stimuli given alone; and males showed greater DNIC than females. This may explain why patients with chronic musculoskeletal pain have impaired DNIC. Ó
Introduction
The inhibitory control of nociceptive neuronal excitability in animals is manifested through inhibitory circuits operating principally at the segmental level and pathways that originate at higher central nervous system sites, such as cerebral cortex, thalamus, and brainstem (e.g. periaqueductal grey; raphe nuclei, rostroventral medial medulla). One manifestation of such inhibitory influences is that associated with diffuse noxious inhibitory control (DNIC). DNIC is a reduction in pain in response to application of painful stimuli outside the area of pain. In general, painful heterotopic tonic stimuli decrease pain induced by phasic noxious stimulation applied extrasegmentally [2, 4, 18, 19, 39] . Initial studies showed that application of noxious heat to the arm results in decreased responses to painful stimuli in the legs [28] . More recent data shows that in addition to descending inhibition, the same sites can also facilitate pain and activity of dorsal horn neurons [36, 43, 48] . Hence the excitability of the spinal circuitry is a result of a balance between descending inhibition and facilitation. There is increasing evidence that this balance may be disturbed in chronic pain conditions in human subjects [23, 27] and plays a role in maintaining central 
